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(57) Abstract: The present invention is an appara- 
tus and method for manufacturing a window (700) 
into a polishing pad (100) used during a planan^- 
tion process of a front surface of a wafer. A hole 
is created in the polishing pad at a location where * 
window (700) is desired. A first release film (300) 
may be pressed against the working surface of the 
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Window material of suitable mechanical, chemical 
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the other end of the hole. The window material is 
preferably cured with light to quickly form and bond 
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500) may be removed leaving the cast window (700) 
in the polishing pad (100). 
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Technical Field 

The present invention relates generally to chemical-mechanical planarization apparatus 
used in manufacturing semiconductors and more specifically to an improved polishing pad that 
allows in situ monitoring of a wafer during a chemical-mechanical polishing process. 

Back ground of th ft Invention 

A flat disk or "wafer" of single crystal silicon is the basic substrate material in ore 
semiconductor industry for me manufacture of integrated circuit, Semiconductor wafers are 
typically create* by growing an elongated cylinder or bottle of single crystal silicon and men 
slicing individual wafers from the cylinder. The slicing causes both faces of the wafer to be 
extremely rough. The front face of the wafer on which integrated circuitry is to be constructed 
must be extreme* flat in order to facilitate reliable semiconductor junctions with subsequent 
layers of material applied ,0 the wafer. Also, the material tayers (deposited thin film layers 
anally made of metals for conductors or oxides for insulators) applied to the wafer wtale 
building interconnects for the integrated circuitry meat also be made a uniform thtokness. 

Planarization is the process of removing projections and other imperfections to create a 
flat planar surface, bom locally and globally, and/or me removal of material to create a umform 
thickness for a deposited thin film layer on a wafer. Semiconductor wafers are plananzed or 
polished to achieve a smooth, flat finish before performing olographic process steps that create 
integrated circuitry or interconnects on the wafer. A considerable amount of effort . fire 
manufacturing of modem complex, high density multilevel interconnects is devoted to me 
planarization of the individual layers of the interconnect structure. Nonplanar surfaces create 
poor optical resolution of subsequent photohthogmphic processing steps. Poor optical 
resolution prohibits the printing of high density features. Another problem with nonplanar 
smface topography is the step coverage of subsequent metalization layers. If a step hetgh. u 
too large there is a serious danger that open circuits will be created. Planar interconnect surface 
teyers are required in the fabrication of modem high-density integrated circuits. To tins end, 
CMP tools have been developed to provide controlled planarization of both structured and 
unstructured wafers. 

CMP consists of a chemical process and a mechanical process acting together, for 
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eMm ple, to reduce heigh, variation across a dielectric region, clear metal depostts u> 
^aLene processes or re m ove excess oxide in shaUow trench tab*. «. 
chenucal-mechanical process is achieved with a liquid medium centauung chenucafc M reac 
wi ft me front surface of me water when i« is mechanically stressed during the plan— 

"""in a conventional CMP tool for planarizing a wafer, a wafer is secured in a earner 
connected to » shaft. The shaft is typically connected to mechanical means for transporting the 
wafer hetween a load or unload station, and a position adjacent to a polishing pad mounted to a 
rigid or flexible platen. Pressure is exerted on me back surface of the wafer by me earner m 
order to press me wafer against me polishing pad, usually in the presence of slurry. The wafer 
and/or polishing pad are then moved in relation to each other via motors) connected to the 
shaft and/or platen in order to remove material in a planar manner from tire ftont surface of tire 

It is often desirable to monitor the front surface of the wafer during the planarization 
process (in situ). One known method is to use an optica! system .hat interrogates tire front 
surface of tire wafer in aim by positioning an optical probe under tire polishing surface and 
transmitting and receiving tire optical signal through an opening in the potishing pad. In some 
systems tire opemng in the polishing pad is tilled with an optically transparent mafenal, or 
iindow", in order to prevent potishing slurry or other contaminants from being deposrted mfo 
fce probe and obscuring tire optical patit to tire wafer. If is possible to adjust the plantation 
process based upon these real-time measurements or to terminate tire process once the front 
llace of tire wafer ha, reached a desired condition. However, several problems exrst wrtir 
mi window technology. One such problem is tha, separations stor, to form at tire surfaces 
between tire window and the polishing pad when tire polishing pad is sttessed durmg tire 
p.anarization process of tire wafer. Even extremely small separations are undestrable as 
contamination can accumulate wifhin tire separations and scratch tire front surface of tire wafer 
or cause optical interference. Scratching and optical interference can also result from abrasrve 
psrtic.es becoming happed in the window material itself, or from the surface of the wurdow 
projecting above tire surrounding pad material. Another problem is that the optica. Canty of 
L pad window can be degraded due to tire presence of trapped gas bubbles wifhin tire wnrdow 
ntaterial. Still other problems include chemical degradation, staining, and pom 
of tire window. In addition, some windows may undesirably absorb some of tire UV hgh. 
spectra that offers tire most ideal signal response in the monitoring process. 
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Wha, is needed is a polishing pad window (or lens) that does not scratch the wafer, is 
chemicaUy and stein resistant ,„ to polishing environment and lhat has good optical properties 
through which in situ CMP monitoring may be undertaken. 

Summary, of «*« Invention 

The present invention provides an improved polishing pad window for use during a 
ptauarbation process of a front surface of a wafer and a metitod of manufacturing me window. 

The method of manufacturing the polish pad window may include a degassmg step m 
which me window material, polish pad or bom are degassed in order to reduce the size and 
10 number of unwanted gas bubbles in the window, mereby improving me optica, quality of me 
" window. The degassing may be accompUshed by wanning the window matena. and/or 
poUshing pad or by using known vacuum techniques to release absorbed gasses in the wmdow 
material and/or polishing pad. 

A hole is created in the poUshing pad at every location where a window is desned The 
15 m etir„d for creating the hole is no, critical, but should produce a hole with minimal fuzz or 
taoseparticlesonmewaUsofmehole. The memod for creating me holes is preferably able to 
accurately position the holes on me polishing pad without damaging or contaminating the 
pohshmgpad ^ ^ ^ ^ ^ i ^ rdease ^ ^ ^ 

20 working surface of the poUshing pad over the hole. The firs, release film prevente the later 
inserted optically clear window material from draining ou, me hole and forms a top surface for 

the window. . ~ 

If i, is desired for me top surface of tile window to be lower man tire workmg surface of 
the polishing pad, a plug may be placed into tire hole. This prevents tire window material from 
25 beaming coplanar with tire working surface of tire poUshing pad thereby recessing me top 
surface of tire window. This may be necessary if tire window material would scratch or damage 
mc Son, surface of me wafer if me wafer touched tire window. 

The working surface of tire polishing pad is preferably tinned fece dowa before the hole 
b fined wito an opticaUy clear window material Wi«h me working surface face down, bubbles 
30 tira, form will travel away from tire eventual top surface of the window and any 

WU1 be minimized. The opticaUy dear window material is preferably curable wittr UV Ugh, to 

quickly set and bond the window into the hole. 

Another improvement to the process is to position a second release film agamst the 
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bottom surface of the polishing pad over the hole. The second release film helps to create a 
bottom surface for the window that is coplanar with the bottom surface of the polishing pad. 

After the window has been cured and the first and second release films have been 
removed as needed, the top and bottom surface of the window may be conditioned to remove 
5 excess window material. In addition, it may be desirable to condition the window's surfaces so 
that its top and bottom surface are coplanar with the corresponding working surface and bottom 

surface of the polishing pad. 

A polishing pad with a cured window cast in place may thus be created. 

1Q Brief Description of the Drawings 

The following drawings are illustrative of particular embodiments of the invention and 
therefore do not limit the scope of the invention, but are presented to assist in providing a 
proper understanding of the invention. The drawings are not to scale (unless so stated) and are 
intended for use in conjunction with the explanations in the following detailed description 
section. The present invention will hereinafter be described in conjunction with the appended 
drawing figures, wherein like numerals denote like elements, and: 

Figures la and lb are a cross section and plan view of a typical polishing pad; 
Figures 2a and 2b are a cross section and plan view of a polishing pad with a hole 

having a desired size and location; 

Figures 3 a and 3b are a cross section and plan view of a release film held in place on the 
working surface of the polishing pad and an apparatus for injecting the window material into 
the hole; 

Figures 4a and 4b are a cross section and plan view of a hole in the polishing pad filled 

with the window material; 

Figures 5a and 5b are a cross section and plan view of a hole in the polishing pad filled 
with window material with a release film held over the bottom of the hole and a release film 

held over the top of the hole; 

Figures 6a and 6b are a cross section and plan view of the hole in Figure 5a with a light 

source that will cure the window material; 

Figures 7a and 7b are a cross section and plan view of a polishing pad with a window 

cast in place; 

Figures 8a and 8b are a cross section and plan view of a light pipe that may be used to 
transmit and receive light through the window that has been reflected off a wafer; 
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Figure 9a is a cross section of a window in a polishing pad; 
Figure 9b is a cross section of a window in a polishing pad; and 
Figure 10 is a flowchart for casting a window into a polishing pad according to one 
embodiment of the invention. 

5 

DetafledDe sgj BfigB QfEx gmBiSg Embodiments 

An improved polishing apparatus and method utilized in the polishing of a 
semiconductor substrate and thin films formed thereon will now be described. In the following 
description, numerous specific details are set forth illustrating Applicants' best mode for 

10 pnotidngfto?^ 

present invention. It will be obvious, however, to one skilled in the art that the present 
invention may be practiced without Ihese specific details. In other instances, well-known 
machines and process steps have not been described in detail in order to avoid obscurmg the 
present invention. 

15 A process for creating a window 700 in a polishing pad 100 will now be presented with 

reference to Figures 1*10. A polishing pad 100, typically comprising urethane, may have one 
or more layers depending on the characteristics of the particular wafer 804 being planarized and 
the desired results. For example, an IC1000 polishing pad 100 may be used alone or may be 
laid over a Suba IV backing pad to create a single polishing pad 100. The IC1000 polishing 
20 pad and Suba IV backing pad are made commercially available from Rodel Corporate 
(Rodel) with offices in Phoenix, Arizona. Other types of polishing pads 100, as one skilled m 
the art will recognize, may also be used with the invention. 

The invention may be used for creating any number of windows 700 at any number of 
different locations on the polishing pad 100. A hole 200 for each desired window 700 needs to 
25 be created in the polishing pad 100 (step 1001). The particular method for creating the hole 
200 e g. punching or laser, is not critical as long as the method accurately positions the hole 
20o'and creates easily bonded to walls in the hole for the window material 400. The position 
and number of holes 200 may be determined by the position and number of windows 700 
needed by the metrology system in the CMP tool to be used. 
30 Grooves (not shown) are conventionally cut into the polishing pad 100 to facilitate 

slurry transportation during the planarization process, and in some cases it may be desirable to 
position the window 700 relative to the grooves in a particular manner. For example, it may be 
desirable to position the window across a slurry groove, at the intersection of two or more 
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grooves, or on an area away from any grooves. However, the present invention is not limited to 
any particular position of the window 700 on the polishing pad 100, and in fact the window 700 
may be placed in any position relative to slurry grooves or any other features on the polishing 
pad 100. 

5 The hole 200 does not necessarily have to extend all the way through the polishing pad 

100. For example, if a two layer polishing pad 100 is used, the hole 200 for the window 700 
may be made only through the top layer. The bottom layer may then be adapted, for example, 
to receive an optical probe positioned adjacent the window 700. 

The sides of the hole in the polishing pad 100 will form the sides of the mold for casting 
10 the window 700. After creating the holes 200, if the walls are not sufficiently cleaned, they 
may be trimmed to remove excess or loose polishing pad 100 material. Loose material in the 
hole 200 may cause obstructions in the window 700 and reduce the strength of the bond 
between the window 700 and the polishing pad 100. In addition, the rough sides of the hole 
200 may catch air bubbles that also reduce the optical qualities of the window 700. 
15 The size of hole(s) 200 will vary depending on the particular needs of the metrology 

instrument in taking me desired measurements. A smaller hole 200 is less likely to interfere 
with the planarization process, but makes it more difficult to eliminate bubbles and to properly 
align metrology instruments through the hole 200. While the invention is not limited to any 
particular hole size, a hole size of about 3 mm in diameter has been found to be sufficient for 
20 taking optical measurements without noticeably interfering with the plantation process. 

The hole(s) 901, 902 do not have to be cylindrical, as illustrated in Figures 9a and 9b. 
While cylindrical holes are the easiest to manufacture, shapes other than cylindrical will have a 
larger surface at Ihe window-pad interface thereby improving the bonding of the window to the 
polishing pad 100. In addition, applicants have discovered that most of the defects in the 
25 window occur near the window-pad interface. Various cross sections for the hole(s) 901, 902 
may thus be chosen that will allow the top of the window to remain small, thus minimizing the 
impact the window has on the planarization process, while moving the window-pad interface 
away from the central region 900 of the window used for optical communication. One skilled 
in the art will recognize that the hole(s) 901, 902 may be as shown in Figures 9a and 9b, flipped 
30 upside down or that other shapes for the holes may be used to practice the invention. 

A non-sticking release film 300 may be placed against the Working surface of the 
polishing pad 100 to form the top surface for the mold of the window 700 (step 1002). An 
adhesive may be used to hold the release film 300 in place during the casting process. 
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However, an adhesive may leave contaminates on the working surface of the polishing pad 100 
after being removed. A preferred alternative is to lightly press the release film 300, without 
contorting the polishing pad 100, against the polishing pad 100 during the casting process with 
mechanical means 301. This has the advantage of not contaminating the working surface of the 
5 polishing pad 100. The release film 300 is preferably transparent to allow the window material 
400 to be easily exposed and cured by light The release film 300 is also preferably smooth so 
that the top surface of the window is smooth once the release film 300 has been removed. The 
release film 300 may comprise a polyester film, such as mylar, a fluorocarbon polymer or any 
other material that does not stick to the window material 400. 
10 The polishing pad 100 is preferably turned so that the working surface is face down if it 

is not already in this position. With the working surface of the polishing pad 100 face down, 
gas bubbles in the window material 400 will rise away from the top surface of the window 700. 
This is desirable since bubbles near the top surface of the window 700 may create voids on the 
top surface of the window 700 as the top surface of the window 700 is worn away during the 
15 CMP process. The voids in the top surface of the window 700 may trap debris, slurry or other 
particles that can reduce the optical properties of the window 700. 

The hole 200 and release film 300 form the side-walls and bottom for a mold of the 
window 700 respectively. The mold is filled with a window material 400 that when cured 
bonds to the polishing pad 100 and forms an optically clear window 200. 
20 The window material 400 is preferably selected to form a window 700 with about the 

same hardness as the polishing pad 100, e.g. about 35 to 55 on a shore "D" gauge for 
conventional polishing pads 100. If the polishing pad 100 is softer than the window 700, the 
polishing pad 100 will compress to a greater extent during the planarization process thereby 
causing the window 700 to protrude above the polishing pad 100. The protruding window 700 
25 might scratch or damage the wafer 804. In addition, a strain along the pad-window interface 
will occur if the polishing pad 100 and window 700 compress differently. The strain over time 
may weaken the bond between the polishing pad 100 and window 700 and cause imperfections 
to develop along the interface. The hardness of the window 700 and polishing pad 100 are 
preferably within about +/- 10 on the shore "D" gauge of each other. 
30 The window material 400 is preferably selected to form a window 700 with about the 

same wear ability as the polishing pad 100. Applicants have discovered that if the polishing 
pad 100 wears faster than the window 700, the window 700 will eventually protrude and may 
scratch the front face of the wafer 804. Applicants have also discovered that if the polishing 
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pad 100 wears slower than the window 700, the window 700 will eventually become recessed 
and trap debris thereby attenuating transmitted or received light. 

Another factor in selecting the window material 400 is selecting one that does not stain 
from the slurry or material removed from the front surface of the wafer 804. A window 700 
that stains will greatly limit the light transmitting abilities of the window 700. The window 700 
should also not react with the slurry being used. Conventional slurry typically has a high, 
neutral or low pH for planning oxide, copper or tungsten respectively. Although a wmdow 
700 may be created that does not react with a particular slurry pH, it is preferred that the 
window 700 does not react with a wide range of pH's. This allows the same polishing pad 100 
, and window 700 to be used in a wider range of processes that use slurries with different pH's. 

The window 700 needs to be held securely in place to prevent crevices or other 
imperfections from occurring at the window-pad interface. Crevices or other imperfections 
may accumulate debris or used slurry that may hinder optical communication between the front 
surface of the wafer 804 and metrology instruments positioned on the back side of the pohshmg 
5 pad 100. Therefore, the window material 400 is preferably selected that has a strong bond with 
the desired polishing pad 100 once the window material 400 has been cured. The wmdow 
material 400 prior to curing is preferably a low viscosity material that will enter the porous 
polishing pad 100 thereby increasing the contact area for bonding to the polishing pad 100. A 
high viscosity window material 400 will not enter the porous structure of the polishing pad 100 
0 making it difficult to maintain an effective wetting of the walls of the hole. 

The window 700 should allow the range of frequencies needed by the metrology 
instruments used to pass with minimal attenuation and distortion. However, a window 700 that 
passes a broad spectrum of light will be the most versatile and function with metrology 
instruments that require a wider light spectrum to operate. For the best transmission of optical 
25 signals in the CMP environment, windows that readily transmit Ultra Violet are preferred. 

Based upon the above factors identified by the inventors as being desirable for the 
window 700, the inventors have discovered that the window material 400 preferably comprises 
an optical grade acryhc-urethane oligomer. Suitable window materials 400 are sold under the 
tradename OP29 or OP29V and are made commercially available from Dymax Corporation 
30 located in Torrington, Connecticut. This material has the advantage of being easily and quickly 
cured by UV or bright visible light 600 after about 5 seconds of exposure after being cast into 

the hole 200 in the polishing pad 100. 

After inserting the window material 400 into the mold (step 1003), the mold may then 
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be sealed by applying a second release film 500 (step 1004) to form the bottom of the mold An 
adhesive or mechanical means may be used to place a gentle pressure on the second release film 
500. Care should be taken to avoid introducing bubbles into the window material 400 as me 
release film 500 of the mold is moved into position against the bottom of the polishing pad 100. 

The window material 400 may then be cured according to the requirements of the 
particular window material 400 being used (step 1005). If the preferred material of OP29V is 
used, it may be cured with UV light 600 after only about five to fifteen seconds of exposure. 

One potential problem in casting the window 700 according to the above described 
process is accidentally producing bubbles in the window 700. The bubbles have a different 
index of refraction from the window material 400 and interfere with optical commumcations 
through the window 700. The window material 400 and the polishing pad 100 typically contain 
a certain amount of undesirable adsorbed gasses. Bubbles can form in the window material 400 
by displacement of adsorbed gasses from the adjacent polishing pad 100. The quality of the 
window 700 may therefore be improved by reducing the amount of gas displaced into the 
window material 400 from the polishing pad 100 and by reducing the amount of gas initially in 

the window material 400. 

The gas accumulated by the window material 400 from the polishing pad 100 may be 
reduced by warming the polishing pad 100 and releasing some of its absorbed gas prior to 
contact with the window material 400. The walls of the hole 200 that form the mold may also 
be treated, for example by Argon bombardment, to further limit gas from entering the window 
material 400 from the polishing pad 100. By filling the hole 200 from the bottom and flowmg 
excess window material 400 out of the hole 200, additional bubbles may be purged. 

Another technique for reducing the gas in the window material 400 and the polishing 
pad 100 requires storing the window material 400 and/or the polishing pad 100 in a vacuum 
chamber prior to use. To further minimize the bubbles that form in the window 700, the enure 
process for casting the window 700 may be performed in a vacuum. 

The top and bottom release films 300, 500 may be removed after curing the window 
material 400 thereby leaving the cast window 700 in the polishing pad 100 (step 1006). Excess 
material from the casting process may be scraped or ground off. The top and bottom window 
30 surface may be conditioned to leave a flat smooth surface that is preferably coplanar with the 
top and bottom surfaces of the polishing pad 100 (step 1007). As a slight variation, a plug may 
be inserted into the hole 200 near the working surface to prevent the window material 400 from 
becoming coplanar with the working surface of the polishing pad 100. This allows the top 
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surface of to window 700 to be recessed from the working surface of the polishing pad 100 
thereby preventing the window 700 from contacting and possibly damaging the front surface of 
the wafer 804. It also limits wear of the window 700 and afiows fo, the rinsing of the window 

surface during the CMP process. 

In another embodiment of the invention, the hole fot casting the window 700 may be 
created in a cake (conventionally a cylinder of cured polishing pad material longer than about 
100 mm). Tbeholemaybecreated.forexample.bycomdrilux.g.laaer.waterjet.etc. Thehole 
is then filled with window material and may be thermally or UV cured as described above. The 
tength of the cake may need to be reduced from conventional polishing pad cakes dependmg on 
the particular window material used and the napured curing method for that material. Once the 
window material has cured, the cake may be skived into individual polishing pads of a destred 

width each having a window. 

to another embodiment, a window 700 may be formed in a multilayer poliahmg pad 
where the window 700 has a hardneas at various layera that roughly equal the hardness of 
corresponding layers of to polishing pad By roughly matching the hardness at various layers 
of the window with the hardness a. various layers of to polishing pad, to shear femes at the 
window-polishing pad interface may be reduced when a compression force is appbed to to 
window in the potishing pad. One example of creating a window with varying hardness . to 
use a UV curable material and only fully cure to top layer of to window. By removing the 
UV source before to bottom layer of to window is fully cured, the bottom layer will rematn 
softer ton to top layer. One of ordinary skilled in to art will be able to determine otor 
metods of creating windows to. vary in hardness along to length of to window to match to 
hardness profile of to multilayer polishing pad. 

The wmdow 700 of to invention is very versatile and may be used in conjunction with 
any number of different means for passing Ugh. to and from to window 700 and a metrology 
insttumen.. One example of a means for passing light between to window 700 and a 
metrology instrument is a fiber-optic cable 800. As a specific example, a fiber-optic cable 800 
ma y be mounted to a polishing platen 802 (ettor rigid or flexible) with a fixture 801. When 
to polishing pad 100 is mounted to to platen 802 with pressure sensitive adhestve, to 
window 700 (without adhesive) is simply aligned to to fiber-optic cable 802. 

An improvement is to use a small amount of optical coupling gel 803 between to 
window 700 and to Ugh. pipe 800. A sui.able gel 803 is manufactured by Nye Lubricants, Inc. 
ftomNew Bedford, Massachusetts under to name of Optical Gel - OCK-451. This gel is asoft 
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crosslinked material somewhat resistant to traveling under the polishing pad 100 when stressed. 
This material is typically sold in a self-mixing syringe loaded with optical coupling resin and 
stays soft once applied and cured between the window 700 and the end of the fiber-optic cable 
800. One skilled in the art will recognize that other suitable gels or coupling means may be 
used. 

As part of a conventional CMP process, a wafer 804 is pressed against the polishing pad 
100 while relative motion is created between the wafer 804 and the polishing pad 100. Slurry is 
conventionally introduced between the wafer 804 and the polishing pad 100 to increase me 
removal rate of material from the front surface of the wafer 804. The invention allows the front 
surface of the wafer 804 to be interrogated through the polishing pad 100 while the wafer 804 is 
being planarized. Since the number and placement of the windows 700 in the polishing pad 
100 may be easily customized by the invention, the invention may be used with a variety of 
metrology systems. The invention is particularly useful for broad band light applications since 
the window 700 of the invention may easily be created for passing a broad band spectrum, but 
may also be used for narrow band or monochromatic light applications. The information 
gained through the window 700 may be used to alter or even terminate the plantation process 
of the wafer 804. CMP tools and metrology systems that may be used with the invention are 
well known in the art and will therefore not be discussed in detail. 

Wbile the invention has been described with regard to specific embodiments, those 
skilled in the art will recognize that changes can be made in form and detail without departing 
from the spirit and scope of the invention. For example, one skilled in the art will realize the 
process as described may be used for creating a window 700 in a variety of abrasive members 
and is not limited to polishing pads 100 for CMP tools. 



11 



WO 01/94074 PCT/US01/18110 

Claims 

We claim: 

1. A process for creating a window in a polishing pad having a working surface and a 
bottom surface comprising the steps of: 

a) creating a hole in the polishing pad at a location on the polishing pad where the window 
is desired; 

b) filling the hole with a window material; and 

c) photochemically curing the window material to form a window inside the hole having a 
top and a bottom surface. 

2. The method of claim 1 wherein the hole is created in the polishing pad by punching or 
drilling. 

3. The method of claim 1 wherein the hole is created in the polishing pad with a laser. 

4. The method of claim 1 further comprising the step of: 

d) prior to curing the window material, turning the polishing pad so that the working 
surface is face-down and the bottom surface is face-up. 

5. The method of claim 1 further comprising the step of: 

d) positioning a first release film against the working surface of the polishing pad covering 
the hole prior to filling the hole with window material. 

6. The method of claim 1 further comprising the step of: 

d) positioning a second release film against the bottom surface of the polishing pad 
covering the hole after filling the hole with window material but before curing the window 
material. 

7. The method of claim 1 further comprising the step of: 

e) after the window material has been cured, conditioning or grinding the top surface of the 
window until the top surface is substantially coplanar with the corresponding working surface 
of the polishing pad. 
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8. The method of claim 1 wherein the window material comprises a light curable optically 
clear acrylic. 

9. The method of claim 1 wherein the window material comprises an optical grade acrylic- 
urethane oligomer. 

5 

10. The method of claim 1 wherein the window material comprises an optical grade acrylic- 
epoxy oligomer. 

1 1 . The method of claim 1 further comprising the step of: 
10 d) degassing the polishing pad or the window material. 

12. The method of claim 1 wherein the window wears at substantially the same rate as the 
polishing pad. 

15 13. The method of claim 1 wherein the top surface of the window is coplanar with the 
working surface of the polishing pad. 

14. A process for creating a window in a polishing pad having a working surface and a 
bottom surface comprising the steps of: 

20 a) creating a hole in a cake of polishing pad material at a location where the window is 

desired; 

b) filling the hole with a window material; 

c) photochemically curing the window material; and 

d) skiving the cake into individual polishing pads each having a window. 

25 

15. A process for creating a window in a polishing pad having a working surface and a 
bottom surface comprising the steps of: 

a) creating a hole in a cake of polishing pad material at a location where the window is 
desired; 

30 b) filling the hole with a window material; 

c) endothermally or exothermally curing the window material; and 

d) skiving the cake into individual polishing pads each having a window. 
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16. An abrasive member for removing material from a workpiece comprising: 

a) a polishing pad with a working surface and a bottom surface, wherein the polishing pad 
has an aperture; and 

b) a photochemically cured window cast within the aperture, the window having a top 
5 surface and a bottom surface. 

17. The abrasive member of claim 16 wherein the window comprises an optical grade 
acrylic-urethane oligomer. 
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18. The abrasive member of claim 16 wherein the window comprises an optical grade 
acrylic-epoxy oligomer. 

19. The abrasive member of claim 16 wherein the top surface of the window wears away at 
substantially the same rate as the working surface of the polishing pad. 

20. The abrasive member of claim 16 wherein the top surface of the window is coplanar 
with the working surface of the polishing pad. 

21. An abrasive member for removing material from a workpiece comprising: 
20 a) a polishing pad with an aperture; and 

b) a window in the aperture, wherein the window comprises an optical grade acrylic- 
urethane oligomer. 

22. An abrasive member for removing material from a workpiece comprising: 
25 a) a polishing pad with an aperture; and 

b) a window in the aperture, wherein the window comprises an optical grade acrylic-epoxy 
oligomer. 

23 . An abrasive member for removing material from a workpiece comprising: 
30 * a) a polishing pad with an aperture; and 

b) a window in the aperture, wherein the window comprises a UV curable material. 

24. An abrasive member for removing material from a workpiece comprising: 

14 
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a) a polishing pad with an aperture; 

b) a window in the aperture wherein the window wears away at substantially the same rate 
as the polishing pad. 

25. The abrasive member of claim 24 wherein the window comprises an optical grade 
acrylic-urethane oligomer. 

26. The abrasive member of claim 24 wherein the window comprises an optical grade 
acrylic-epoxy oligomer. 

27. An abrasive member for removing material from a workpiece comprising: 

a) a polishing pad with an aperture; 

b) a window in the aperture wherein the window is within about +/- 10 on the shore "D» 
gauge of the polishing pad. 

28. An abrasive member for removing material from a workpiece comprising: 

a) a polishing pad having a noncylindrical aperture; and 

b) a cured window cast within the aperture. 
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Reduce Bubbles that may Form in Window ^^^^^ 



Create a Hole for each Desired Window in the Polishing 
Pad 



Place a First Non-sticking Release Film against the 
Working Surface of the Polishing Pad Adjacent the Hole 
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Insert the Window Material into the Hole 



Place a Second Non-sticking Release Film against the 
Bottom Surface of the Polishing Pad Adjacent the Hole 



Cure the Window Material 



Remove the Release Films Leaving an Optically Clear 
Window in the Polishing Pad 



Remove Excess Window Material to Leave a Smooth Flat 
Top and Bottom Window Surface 



1000 



1001 



1002 



1003 



1004 



1005 



1006 



1007 



Fig. 10 



INTERNATIONAL SEARCH REPORT 



attonal Application No 

PCT/US 01/18110 



IPcT ' BC B24B37%T ° T MA bT4D3/00 B24DU/00 B24D18/00 



According to International Paten! Classification (IPC) orto both national classification and IPC 

B. FIELDS SE ARCHED . 

Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 B24B B24D 



Documentation searched other than 



minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and. where practical, search terms usea, 

EPO-Internal , INSPEC 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category * 



Citation of document, with indication, where appropriate, of the relevant passages 

US 5 893 796 A (GUTHRIE WILLIAM L ET AL) 
13 April 1999 (1999-04-13) 
abstract 

column 6, line 22 -column 7, line 32 
claim 1 

figures 3D,3E,3F 



EP 0 941 806 A (LAM RES CORP) 
15 September 1999 (1999-09-15) 

paragraph '0023! 

paragraph '0043! 

-/-- 



Relevant to claim No. 

24,28 



1,7, 

12-16, 

19-23 



27 



r"y"| Further documents are listed In the continuation of box C. 



10 



Patent family members are listed in annex. 



0 Special categories of cited documents : 

■A' document defining the general state of the art which is not 

considered to be of particular relevance 
•E' earlier document but published on or after the International 

filing date 

•L- document which may throw doubts on priority J^m(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

•O" document referring to an oral disclosure, use, exhibition or 
other means 

•P" document published prior to the international filing date but 
later than the priority date claimed 



T" later document published* after the international filing date 
or priortS ^ and not In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X' document of particular relevance; the daimed invention 
cannot be considered novel or cannot be considered to 
Sr^ottfe an taventive step when the document is taken alone 

•Y' document of particular relevance; the claimed Invention 

cannot be considered to involve an invenlive step when the 
document Is combined with one or more other such docu- 
ments! such combination being obvious to a person skilled 
m the art. 

document member of the same patent family 



Date of the actual completion of the international search 

7 September 2001 

Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentlaan 2 
NL - 2280 HV Rflswijk 
Tel. (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax: (+31-70) 340-3016 



Date of mailing of the international search report 

14/09/2001 



Authorized officer 



Schultz, T 



Foim PCT/lSA/210 (second sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



lational Application No 

PCT/US 01/18110 



C(Continuatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ° Citation of document, with Indication .where appropriate, of the relevant passages 



Relevant to claim No. 



EP 0 893 203 A (LAM RES CORP) 
27 January 1999 (1999-01-27) 

abstract 

column 11, line 17 - line 50 

US 5 549 962 A (HARMON KIMBERLY K ET AL) 
27 August 1996 (1996-08-27) 

column 7, line 26 -column 9, line 38 
column 16, line 28 

column 19, line 51 -column 20, line 27 

WO 98 30356 A (RODEL INC) 
16 July 1998 (1998-07-16) 
page 2, line 22 -page 3, line 15 
page 7, line 7 - line 40 
figure 1 

US 5 329 734 A (YU CHRIS C) 

19 July 1994 (1994-07-19) 

column 4, line 62 -column 5, line 8 



1,2,5,6, 

14-16, 

21-23 



8-10,17, 
18, 

21-23, 
25,26 



8,9,21, 
23,25,30 



2,3 



Foim PCT7ISA/210 {continuation of second sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

information on patent family members 



lational Application No 

PCT/US 01/18110 



Patent document 




Publication 




Patent family 


Publication 


cited in search report 




date 




member(s) 


date 


US 5893796 


A 


13-04-1999 


US 


5964643 A 


12-10-1999 




EP 


0824995 A 


25-02-1998 






OP 


10083977 A 


31-03-1998 






SG 


54539 A 


16-11-1998 






US 


6045439 A 


04-04-2000 






US 


6280290 B 


28-08-2001 






EP 


1108501 A 


20-06-2001 






EP 


0738561 A 


oo i/i i cine 
23-10-1996 






OP 


9007985 A 


10-01-1997 


EP 0941806 


A 


15-09-1999 


US 


6068539 A 


30-05-2000 




OP 


11320373 A 


24-11-1999 






US 


6254459 B 


03-07-2001 


1 EP 0893203 


A 


27-01-1999 


US 


6146248 A 


14-11-2000 




OP 


11077524 A 


r\ o no i An A 

23-03-1999 






US 


6261155 B 


17-07-2001 




US 5549962 


A 


27-08-1996 


AT 


192059 T 


H r~ r\ r~ onnn 

15-05-2000 




AU 


672316 B 


26-09-1996 






AU 


6953194 A 


24-01-1995 






BR 


9406987 A 


12-03-1996 






CA 


2166398 A 


•in n ■< -i n n i— 

12-01-1995 






CN 


1126454 A 


^ n^ i nn^ 1 

10-07-1996 






DE 


69424167 D 


31-05-2000 






DE 


69424167 T 


a •* t in o n n f\ 

21-12-2000 






EP 


0706440 A 


17-04-1996 






EP 


0835724 A 


^ i- « a i nnn 

15-04-1998 






ES 


2145138 T 


01-07-2000 






OP 


8512074 T 


17-12-1996 






RU 


2123927 C 


27-12-1998 






WO 


9501241 A 


12-01-1995 






US 


5714259 A 


03-02-1998 






US 


5500273 A 


19-03-1996 






US 


5628952 A 


i o nr* 1 n.n.~7 

13-05-1997 






US 


5690705 A 


25-11-1997 


WO 9830356 


A 


16-07-1998 


EP 


0984846 A 


15-03-2000 




OP 


2001507997 T 


19-06-2001 






US 


6036579 A 


h a no onnn 

14-03-2000 






US 


6210254 B 


03-04-2001 


US 5329734 


A 


19-07-1994 


DE 


69406041 D 


13-11-1997 




DE 


69406041 T 


19-03-1998 






EP 


0622155 A 


02-11-1994 






OP 


6333893 A 


02-12-1994 



Form PCT7ISA/210 (patent family annex) (July 1992) 



